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ABSTRACT A 

The day radiance of the atmosphere has been 
measured, photoe lec t r ica l ly ,  a t  t w o  middle 
u l t r a v i o l e t  wavelengths by  rocket-borne photo- 
meters. 
e f f e c t i v e  f ie ld  of view of 1.4 x lo-' s te rad ians ,  
and bandpasses of approximately l O O A  a t  2600A 
and 2 3 0 A  a t  2200A. A t  a height of 146 km, nadir 
radiance values  of about 0.5 ergs/sec cm' s ter  
l O O A  were obtained a t  both wavelengths. There 
is good agreement between the radiance values 

F i l t e r s  and col l imators  provided an 

measured and those which have been ca lcu la ted  on 
t h e  b a s i s  of single Rayleigh s c a t t e r i n g  in t he  
presence of ozone. From the radiance da ta  an 

a t  2600A has been calculated.  
cont ras ted  with 1957 rocket observations of Maro 
and Jupiter which yielded a1'wdoa a t  3700A of 
0.24 and 0.26 r e s p e c t i v e l y .  

atmospheric diffuse r e f l e c t i v i t y  of about 8 x 10 4 

This may be 
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1. INTRODUCTION 
If the earth's s u n l i t  side is viewed from apace It exhlbito 

a bright  apgecrrance in the  visible por t ion  of the  epeotrum. In 
con t ra s t ,  the appearance of tho s u n l i t  e a r t h  in the  u l t r a v i o l e t  
wavelength region below about 3 1 0 0 A  may be expected to  be r a t h e r  
dim and r e l a t i v e l y  uniform. In the v i s i b l e  region the upward 
f ,hx out  of the  atmosphere is made up of Ragleigh eca t t e red  
uunl ight ,  sunl ight  refleated d i r ec t ly  from clouds or P r o u  the 
ea r th ' s  aurface,  l i g h t  s ca t t e r ed  from atmosphoric dus t ,  and a 
r e l a t i v e l y  s m a l l  amount of resonant and f luorescent  s c a t t e r e d  
sunl ight  o r  day airglow. In the  middle u l t r a v i o l e t  region 
Prom 2100 - 3000A, however, because of tha t o t a l l y  absorbing 
ozone region located from approximately 10 t o  40 km, the day 
radiance will be produced only by Rayleigh s c a t t e r i n g  of 
sun l lgh t  in the  t h i n  upper atmosphere above the ozone region 
and by f luorescent  m a t t e r e d  sunlight or u l t r a v i o l e t  dayglow. 
The combination of a t h i n  atmosphere and s t rong  ozone absorption 
produces a correspondingly low albedo. Tho absence of contributiona 
from r e f l e c t i o n s  by clouda and surface f ea tu res  and t h e  strong 
Wavelength dependance of Rayleigh scratterlng w i l l  producre a 
r e l a t i v e l y  uniform appearance. 

The sphe r i ca l  albedo of a planet is the r a t i o  of the 
t o t a l  f l u x  emit ted i n  a l l  directions, by the planet  t o  the t o t a l  
flux ina ident  on the  planet from the sun. Both quan t i t i ee  a r e  
being measured over the  same wavelength In te rva l .  The ea r th*#  
v i s u a l ,  sphe r i ca l  albedo has been experimentally determined, 
by 8tudiee of e a r t h  l i g h t  on the  moon, t o  range f r o m  0.29 - 
0.66 depending on the season and on which s ide  of the e a r t h  
is f ac ing  the moon. 
I s  given a s  0.39 I. 0.40 (Danjon, 1954; Dzhasybekova, Kazaohevskii, 
and Kharitonov, 1960). The major par t  of t h e  earth 's  visual 
albedo aomes from cont r ibu t ions  by r e f l eo t lon  from cloudB. 
atmospheric s c a t t e r i n g  I s  considered separa te ly ,  a8ouming DO 

alouds, c a l c u l a t i o m  (Xano, 1988) show the speutral albedo8 due 

I 
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The average value of these v i s u a l  albedos 
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collimator produced an effective field o f  1.4 x ster 
(about a 7 degree square ficld). Tho f i l ters  were of the 
typ@ described by Childs (1SS1). T'hc $lototubes were type 
EXR M1F-05 photonult ipl iors  w i t h  sapphire windoms and cesium- 
t e l l u r i u  cathodes (Dunlielaan, Fowler, ar,d I h n a e s ,  1962). 

given in Pigire 1 on an oqual energy b a s i s  (anps/vraQI), Also 
included f n  3igure 1 is the so lar  spectrum, avoragzd over l 0 A  

h t a r v a l s ,  taken from data reported by IVilson, st al.* (1954) 
236 Xali-kson, e t  a l . ,  (lBCO), The ofPcctive wavelengths of 
tho  pkotomotors more at 2217.4 m d  X l O A  with e f f e c t i v e  bmdvidths 
of 2 3 0 A  and l O O A  respec t ive ly .  
vravolength region boyond 2 8 O O A  h a  been cxcninecl and found to 
be uuch l o s s  than the rmgnl t l idec  ole tila radiancs scasurenents 
mado. 

Guring the S l i g h t  tho rocket pitclicd through a wide 

range of z e n i t h  angles. lts motion, lmmwer, was confined by 
an attitude control  systerr 'io a sinzlo plane having an a i n u t h  
02 175O passing through the zenith and tbs  sari. 

out the side of the rocitst approximatcly in the pitch  plane 
acd a t  8x1 angle of 1 2 2 O  w i t h  the rockot axis, s m p t  from tho 
nc~ix- up to a z e n i t h  angle of about 80° i n  both the north and 
m u t h  sky a t  various times. 

Tho z o l a t i v e  ayactral  response of these photoueters is 

Tho contribution from tho long 

Tho sun was 

a t  iz z e n i t h  anzle 02 22 0 Tfie photowtors ,  whfctm were pointed 

I 11. 2SSULTS 
Tho d a t a  are shown in Z'fgure 2 which give (curve a)  tho 

z e n i t h  angle of the  photometers as n function of both flight 
G - L u w  auu a A t . ~ b u u O .  rue aspeci; data sii8~ o'uiained f ~ ~ u  solar 
sensing aspect cells,  magnetometers, and tho a t t i tude  control 
system error s igaa l s  and pitch-rate s i g n a l s .  
'ihc rockot's a t t i t u d e  control system malfunctaonod to the sxtent 
t h a t ,  althouzh control led  i n  two axis, tho v e h i c l e  pitched 
through much iargar angles %:an those for which the aspect  
3.ns.trunents hzd bscn designo . Pitch rcto s i g n a l s  wore i n t o p s l e d  
to find approxinito zen i th  rr;;le3 outs ide of the region 031 

&;..-- -.-A 0.1A.*A..-l mi- 

During the f l i g h t  
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aspect oonsor operation. Thcse calcLla l lons  could bo checkod 
by f i t t i n g  w i t h  t h e  aspect signals as tho  rocket periodical ly  
aoveci back thru ths sensor  region. T h o  photomotor da ta ,  
reduced from the  o r i g i n a l  t o b m ? l r y  record a t  oile second 
i n t e r v a l s ,  are shown i n  curves (b) aiict (c). Zelative i n t e n s i t y  
is plottod,  with tha  data nomalized to uni ty  for nadir (L8Oo) 
values. The s c a t t e r  i n  tho r e l a t i v o  intensity values  is 
produced by pho*&netor noise  introduced because tho s i g n a l  
l e v e l  was near the bottom 09 8 throe-dccads logarithmic sca l e .  
The photosreter s e n s i t i v i t y  i n  t h i s  oxploratory measurement had 
been set  l o w  t o  avoid tho p o s s i b i l i t y  of s a t u r a t i o n  due t o  
e i t h o r  unoxpectodly l a rge  r c f l e c t i v i t f e s  or unusually intense 
dayzlom or aurozal onlssions. 
t he  poaks beyond 260 seconds. 

z e n i t h  angle. 
zenfgh angle. Part of the  spread In t he  points is due to 
pbotomtor  noise, p a r t  is due t o  corcbirring data  taken a t  the 
same z e n i t h  angles but  f ro3 d i f  fersait a l t i t u d e s  . 
n o t ~ b l s  for the lack of featcres soon ov0r a larg,w rsngc of 
zenith angles. Even the hoi son brizktening is only a factor 
of two tiniea t h e  nad i r  radic.xc3. The photometer f ie ld  of 
1.4 x lo*' s t e r ad ians  viould, of course, dinfnish t h e  effect 
or9 any increased radiance tha t  oxtended over only a r e l a t i v e l y  
narrow f f o l d .  

Lines have boea acicied t o  c l a r i f y  

In Figure 3 tho dzta are roplottod as Q function of 
fjata are shown only for 10 degree i n t e r v a l s  of 

The valuers OS day radiance measurou durir,g t h i s  f l i g h t  are 

The poalrs a t  about 232 seconds in Figure 2 represent 
direct sunlight reflected off tho photometer entrance. The 
photometer was pointed up i n  tho southsrn sky a t  t h a t  point 
a t  a zeni th  angle of about 70 degrees. The magnitude of tho 
rcflectod solar s i g n a l  under those condi t ions was determined 
by laboratory measurements t o  be about loo5 that of direct 
sun l igh t .  
L r Z c w  than  the oarth radiance signal. The problen of making 
uasu remen t s  In the presence of direct sun l igh t  is emphasized 
by this result. 

Note t h a t  t h i s  scattorod l i g h t  s i g n a l  is still 
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The nzgnftude of the  radiances detcctQd by the photousters 
i s  expressed i n  Table 1. The nominal e f f e c t i v e  wavelength 
2nd the e f f e c t i v e  bandwidth a re  given. The t h i r d  c o l u i  gives 
the earth's radiance,  a t  the  nadir, w i t h  tho sun a t  22O z e n i t h  
angle, a s s u i n g  SI unifomiz aod equal d i s t r i b u t i o n  across the 
wavelength rogion doscribed by the e f f e c t i v e  bandwidth. 
equivalent  photon emission rata I n  kilo-raglefghs per lOOA 9s 
a l ~ o  given. The day radiance values dotemined by these 
ncasuroments have unce r t a in t i e s  of about 10 - 15% arising from 
noise in the photometer signal and uncor ta ln t ios  i n  u l t r a v i o l e t  
radiometric standards.  

Tha l a s t  column gives tho di f fuse  s p o c t r a l  r c f l o c t i v i t y  
of the ear th 's  s u n l i t  atzoaphero averaged over each of t h ~  
vi;-;volongth fn torva ls .  T h f s  number is ai-rivod a t  by a s s u i n g  
the s c a t t e r e d  sun l igh t  has tho sane spectral dis tr ibut ion  
a s  the incidont sunlfght throughout each bandwidth (see F i y r o  
I) .  The values of s o l a r  irradiance taken fron the sources 
cited. The uncertainties i n  the ca lcu la ted  r o f l s c t i v i t i a s  
8re greator  than thoss  for our observed radiance values by the 
eimczil of uncertainty i n  published absolute spectral solar 
i n t e n s i t i e s .  If w 0  make tho  fur ther  assungtion t h a t  the e n t i r e  
ez=-lth is a diffuse LarAert r o f l o c t o r ,  then  the diffuse r e f l e c t i v i t y  
of &out 8 x loo4 a t  2600A bccoraes' tho-earth's spherical albodo. 
T h i s  nubor can be contrasted with the earth's t o t a l  observable 
sphor i ca l  albedo of 0.39 - 0.40, and w i t h  t he  ca l cu la t ed  
Eayleigh s c a t t e r e d  albedo contr ibut ion i n  the near u l t r a v i o l e t  
of 0.23 as given i n  tho iutrodwtion.  

u l t r a v i o l e t  e f f e c t i v e  albedo with measursments of the r e l a t i v e l y  
high effective albedos OP Mars and Jupiter mado in 1957 with 
a photometer of about 300A bandwidth centered a t  2700A (Boggess 
and Dunkolman, 1959). They obtained values of about 0.24 for 
Ears and 0.28 for J u p i t e r .  

The 

O f  fntorost a l s o  is a conparison of t h e  ear th ' s  l o w  middle 
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One other known oxporFwn2al observation has been made 
of the middle u l t r a v i o l e t  day radiance. Friedman, Bawcliffo, 
and Uoloy (1963) have rcportcd a snteollita borne photometer 
noosurement of the day rrrdiaccc with a s p e c t r a l  pass band of 
MOA centered at: 25508. Their r e s u l t ,  with the  sun a t  a zenith 
angle of 49O and tho de tec to r  polntsd n.t; tho nadir w i t h  Q field 
of 1.2 x lon4 s toradfan ,  shovmd an nlmospherio radiance of 
2.0 * 0.3 ergs/sec cru' stor 10-3A. 

Table I1 gives the various meaaxred and ca lcu la t ed  
ruiddle u l t r a v i o l e t  day radiance valuce. Tho ca lcu la t ed  values 
tend t o  support our r e s u l t s  rather wcll. It should be borne 
i n  d n d  that the  data were all takon o r  ca lcu la ted  using 
d i f f e r e n t  paramtors of a l t i tuc i io ,  s o l a r  z e n i t h  angle,  ozone 
d i s t r i b u t i o n ,  soason, etc. BO th t  tho results cannot bo 
cornparod too  directly.  Tho r o l a t i v o l y  l a rge  factor of fou r  
between the experimental resu l t s  of Friedman, Bwcllffe and 
Meloy and ouurss~vos in possibly oxplnfnod by either a l a r g e  
change i n  the high a l t i t u d e  ozone distribution between the 
t i m e  of the two moasuremants or the d i f f i c u l t i e s  i n  maintaining:\ 

s a t e l l i t e .  The s i m i l a r i t y  of the var ious ua lcu la t ions  and 
our soasurcmonts Indicate that t h e  simple approach t o  u l t r a v i o l d t  

I 

8 

c a l i b r a t i o n  during the prcpnratfons for and launching of a a \  

f 

I' 

aL9ospheri.c radiance ca lcu la t ions ,  iiivolvlng use of ozonc 1% 
i', 
: d i s t r i b u t i o n s  and s i n g l e  scattering with plana atinospheros 

(Ban, 1962; EGbbard, 1963; and Green, 1964) or  spherical 
atmoopharca (Hrasky and HcHee, 1964) is adequate for broadband "., 

moacurcmonts. 
the  agreemout might be strongly a f fec t ed  by resonznt or f luorescent  '1% . 
s c a t t e r i n g .  ,-- 

The ca lcu la t ed  r e s u l t s  :opond very s t rong ly  on ozom 
d i s t r i b u t i o n ,  e s p e c i a l l y  i n  the  region around the poak of the 
ozono absorpt ion curve a t  2G00A where the  very high a l t i t u d e  
ozone has a dominant role. The ozone d i s t r i b u t i o n  a t  higher 
a l t i t u d e s  fa r e l a t i v e l y  unknown, however, so that appreciable 

p<\ 
I '  I +  

19 higher E;pcctraJ. resolution ware t o  5s considorod '\! 
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ucortain,tilcs may be introduced into the ca lculated values. A t  
the shorter  wavalength region around 2200A and a t  longer 
wavelengths boyond 2C00A tho ozone is nuch less absorbing and 
Incident solar radiation w i l l  penstrate more deeply i n t o  t h e  
atmosphere, thus permitting naro scattoring and producing 
higher alboodos. 
narrom spectral bandpasses, rvcll rezzovod from strong dayglow 
elnissiou l ines ,  and s i tuated  a t  various middle u l t r a v i o l e t  
wavolongths from 2100 and 3QQOA, a p r o f i l e  of high altitude 
ozone distribution should be obtnfnable. Such an idea t ~ a s  

propasod in 1957 by Singer and I'fsntmorth (1957), sbo considered 
only wavelengths at 2SOO and 3000A. Twomy (1961) carried out 
furthor calculations in t h i s  sane wavelangth region. The 
ca lcu la t lons  In the near ul trnv io lo t  above 5000A have bccn 
considered in d e t a i l  by Sskera and D a w  (196lb).  The altitudes 
above 50 Im would require, hoviever, use of wavelengths b a l m  
2EOOA where analysis should bo much easier. The seasonal and 
l a t i t u d i n a l  var iat ions  in upper atnosphere ozone, so important 
to atnospheric heatlnz processes, yiiould thus be, avai lable .  

Ey u e  of sa te l l i t e -borne  photonotors wlth 

T h  wish to express OUT a~>pi~ec la t ion  t o  W i l l i a m  R u s s ~ ~ ~ ,  
Jr. of th i s  Canter who graciously provided support and the 
space for th i s  sxperinont In on3 of t h o  rockets undor his 
supervision. 
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Figure 1. 

Figure 2. 

Figure 3. 

F i g  !'Z capt ions 

Piotoxetor resp;lss curvas. Relat ive response of both 
pbotoneters is ohovm on an equal encrzy  basis. The 
s o l a r  spectrum, =tvorageci over l Q A  i n t e r v a l s ,  is 
also shown. ( ' ( ; ikon, et  al., 19%; Eal i t son ,  et a l . ,  
1960). Tha 2200A photometer response is provided by 
a coinbination of an interference f i l t e r  and 4 ma 
NiS04(I&fl)6 c r y s t a l .  
an intsrferonco filter, Corning 7-54, 4 mm NiS04(€i20)6, 
Cation-X, and 2 rim Pb doped KC1:KBr crystal 
(Childs,  1961) . 
Rockst f l i g h t  d a t a .  Curve (a) is the z e n i t h  angle 
of the photometer direction ;;is a funct ion of t i m a .  
Curves (b) and (c) are a s m p l i n g  02 the red-icod 
t e l e n e t r y  data plotted i n  tcrus of the  r e l a t i v e  
i n t e n s i t y  roceivcci by tho photoneter. The imints  
show scatter produced by photomtcr noise and a 
small  mount  of s t r u c t u r c  2s ct function of zeaith 
angle. The peaks ri'ter 259 seconds correspocd to 
t h e  horizon lirh brightening. The large peak a t  
273 seconds, vrhfch is extraneous, is produced by 
sun l igh t  rcf loctod off tho photometer entrance wi th  
the photonc-ters pA.ated above the  horizon i n  the 
south. Without this s c n l i z h t  effect the record would 
ni>Ix?ar as it  docs 2 :  310 - 320 seconds w i t h  the 
photoweters p l n t c d  above the horizon i n  the north.  
J,,,aviolet day r ad iance  as n function of z e n i t h  
a ~ g l c .  The irata in Figwe 2 are r ep lo t t ed  hers as a 
sanpl lng  09 te loxietry da ta  taken a t  10 dogree i n t e rva l s .  
Tho crosses fnd;lc~tto data taken at a i t i t u d c s  less 
than 120 Irm. Circles indicate data taken a t  a l t i t a d e s  
above 120 Irm. Sol id  circles are s i n g l e  poin ts ,  opoa 
circles r e p x s e n t  several data points (2-5) occupying 
the  same position. The linb brightening is ovidczt.  

The 260QA photometer coxbines 
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as is the f a i r l y  sharp drop at zenith angles less 
than about 90° as the photometer point s  up above 
the atmospheric horizon. 
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